Abstract Internationally it has become recognised that diffuse source water pollution from mining activities severely affects the degradation of water quality especially with regards to acidification and metal loading. South Africa is facing major problems with regard to the management and treatment of contaminated mine water. Very little has been published for South Africa about the quantities and qualities of diffuse source water pollution by the mining industry. Furthermore the available information has not yet been compiled into a consolidated overview that presents the total picture. Some of the problems that limit the use of the available information and would necessitate further processing to normalise the data, derive from the fact that the investigations producing the information were done at different times, to different levels of detail and using different approaches. A further complicating factor is that data for some mining commodities may not be available and may necessitate further investigation. The overview of the quantities and qualities of nonpoint source effluent production by different sectors needs to be interpreted in terms of the effect the effluent can be expected to have on receiving water quality (both surface and groundwater). It would thus be necessary to categorise waste types according to their effect on water quality and synthesise the data to obtain an estimate of the threat that different sectors and sub-sectors pose to receiving water quality.
Introduction
Internationally it has become recognised that diffuse source water pollution plays a major role in the degradation of water quality, specifically with respect to salinity, eutrophication (nutrient enrichment), sediments, pathogens, pesticides (POPs) and some heavy metals. It is now accepted that it is not feasible to properly manage water quality without addressing the contribution from diffuse sources. Consequently, attention is increasingly being devoted to the quantification of diffuse water source pollution and to identifying means to control it cost effectively at source.
Diffuse pollution sources represent land use areas and activities that result in the mobilisation and discharge of pollution in any manner other than through a discrete or discernible conveyance (Pegram and Görgens, 2001 ). Non-point source pollution generally results from land run-off, precipitation, atmospheric deposition, drainage, interflow, seepage, groundwater flow or river course modification. Technically, non-point sources are all sources of pollution that are not defined as point sources conveyance (Pegram and Görgens, 2001) . Although individual sources may be small, their collective impact can be devastating.
Diffuse pollution of surface waters in South Africa is largely caused by rainfall and the associated surface run-off or groundwater discharge (Pegram and Görgens, 2001 ). Diffuse pollution sources may be diffuse and intermittent, contributing to contamination of water resources over a widespread area, such as storm wash-off and drainage from urban or agricultural areas. Alternatively, they may be concentrated, associated with localized high activity areas, such as mines, feedlots, landfills and industrial sites. Although diffuse pollution source impacts of surface wash-off are relatively immediate, the diffuse source pollution impact of groundwater discharge is often delayed, due to the time taken for contaminants to mobilise and move through the soil matrix into the receiving surface water environment (Pegram and Görgens, 2001 ).
South Africa is globally recognised as being a leading supplier of a variety of minerals and mineral products. Not only are gold, diamond, coal and platinum production responsible for the largest contribution to the national economy but in general, they are potential sources of water pollution. The extent of this potential is influenced by a number of factors, which may vary considerably from mine to mine and also from one area to another (Kempe, 1983) .
The chemical composition of the product mined also determines the chemical composition of the waste produced and the contribution to diffuse pollution. Typical pollutants from the mines include sulfates, acidity, salinity and metals (including aluminium, iron and manganese) and may contribute to the three types of diffuse pollution caused by mining, i.e. surface water, groundwater and atmospheric pollution (Heath and Eksteen, 2005) .
One such a factor is the presence of iron pyrites in the product mined (Kempe, 1983) , as well as the presence of different metals. Pyrite plays an important part in the process of acid mine drainage (AMD) generation as AMD derives part of its acid character from hydrated iron (Bullock et al., 2001) . Hydrated iron is formed during the initial oxidation of pyrite. Fe 3 þ promotes the additional oxidation of fresh pyrite and other minerals. The primary chemical factors which determine the rate of acid generation include pH value, temperature, oxygen content of the gas phase if saturation is less than 100%, concentration of oxygen in the water phase, degree of saturation with water, chemical activities of Fe 3 þ , surface area of exposed metal sulfide and the chemical activation energy required to initiate acid generation.
The following main environmental regulatory tools are currently available in South Africa to manage mining activities (Heath and Eksteen, 2005) : † National Water Act (NWA) (Act 36 of 1998) † Mineral and Petroleum Resources Development Act (MPRDA) (Act 28 of 2002) † Rehabilitation of derelict and/or defunct mines for which no owner exists or can be traced † Atmospheric Pollution Prevention Act (APPA) (Act 45 of 1965) South Africa has a long history of mining and consequent the country has a high potential for diffuse pollution originating from mining activities. Typically the mine wastes include process discards (slimes dams, ash and rock dumps) and the exposure of ore through mining activities (opencast and underground mining) contributing to surface, groundwater and air pollution. Consequently, the Water Research Commission (WRC) recognized that diffuse pollution needs to be assessed in South Africa and is currently funding a project to establish the impact of diffuse source pollution associated with the industrial, mining and power generation industries.
The objectives of this study are to: † Determine at a scoping level, the quantity and quality of diffuse source pollution that originates from the mining industry † Compile available information into a consolidated overview that presents the total picture † Normalise available data † Obtain information on mining commodities where no information is available † Interpret the overview of the quantities and qualities of diffuse source pollution from the mining industry in terms of the effect the effluent can be expected to have on the receiving water quality † Categorise waste types according to their effect on water quality and synthesise the data to obtain an estimate of the threat that different mining commodities pose to receiving water quality S.E. Coetser et al.
Methods
Figure 1 illustrates the different steps involved with the process used to quantify diffuse pollution loads from mines in South Africa. Based on literature cited, mining industries were categorised in terms of the type of waste produced and the potential pollution involved with each type of waste e.g. seepage, air pollution (e.g. smoke fumes), water entrapment, water run-off.
Statistics published by the Department of Minerals and Energy (DME) and Chamber of Mines for Geoscience on the amount of ore milled and the production per year of the different mining companies were used to determine the major contributors to pollution and the major localities of pollution.
A quantification protocol needs to be developed and the following information would be required to estimate the quantity and quality of the diffuse pollution involved: † The area and volume of waste discard, slurry and footprints of reclaimed dumps † Chemical characteristics of the waste discard and slurry † The condition of the waste discard and slurry (e.g. for coal dumps: burning, burnt out, partially burnt, devolatilised, compacted) † The method of disposal used (e.g. vehicle and compaction, free tipping, conveyor tipping, pumping) † The age of the waste site † Is the dump potentially reclaimable or not? 
Results and discussion
Preliminary assessment of diffuse source pollution from the mining industry in South Africa South Africa's mineral wealth is found in diverse geological formations, some of which are unique and extensive by world standards. South Africa holds the world's largest reserves of ores of platinum-group metals, manganese, chromium, vanadium, gold and alumino-silicates (DME, 2004) . It is also prominent in terms of reserves of: titanium, zirconium, vermiculite and fluorspar (DME, 2004) . More than 20 different types of precious metals and minerals, energy minerals, nonferrous metals and minerals as well as ferrous minerals are mined in South Africa (DME, 2004) . From 1976, South Africa's coal exports have increased rapidly on the strength of the country being one of the world's most reliable suppliers (DME, 2003) . The South African mining industry is facing major problems with regard to the management and treatment of contaminated mine water. These problems exist with regard to operational mines, and importantly, they also exist for mines which have ceased operations and which have long-term water quality problems.
Each commodity is responsible for different types of diffuse source pollution with varying effects on water (both surface and groundwater) and air quality. From the potential impacts of the different mining industries, commodities with the largest impact on diffuse pollution will be selected. For the purpose of this paper only coal and gold mining will be discussed.
Diffuse pollution from coal mining
The regular increase in coal production, has been matched by a corresponding increase in the production of discards and slurry. In 2003, DME examined the nature and extent of the coal discard utilisation challenge in South Africa. The information submitted during the survey was used to compile a detailed database and entered into a geographical information system (GIS). This database was accessed to prepare "discard dump summaries" including the following information: dump name, mine operation, owning group, area covered, tonnage, status, condition and age. Information on 60 coal mines, excluding state owned and ownerless discard dumps was included in the database (Figure 2 ). According to the study performed by DME (2003) From the DME study performed in 2003 it was found that: † Only 2.1% of collieries were reclaiming discard and/or slurry † 68% of the facilities registered during the survey were defunct while 29% of the facilities were active † Collieries indicated that 49% of the discard facilities were sound, with no forms of pollution. These facilities included both defunct and active discard dumps as well as slurry ponds † 37% of the discard facilities were considered unsound † Only 23% of all the discard facilities have been completely rehabilitated † 13% of discard dumps were burnt out or partially burnt, 5% were burning at the time of the investigation and 1.4% of the discard dumps showed signs of excessive heating † A total of 137 cases of various types of pollution were recorded: * 18% of the discard facilities recorded AMD into rivers, streams and wetlands * 14% of discard dumps had pollution in the form of smoke, fumes and gas emission * Dust pollution was recorded on 28% of discard dumps. This form of pollution comes from both old, unrehabilitated dumps and from active dumps. Dust from active dumps is caused mainly by the discard haul vehicles and associated equipment * Pollution from discard dump run-off was recorded from 8.5% of discard dumps It is clear from the study performed by DME (2003) on the impact of coal mining that coal mining contributes to diffuse pollution through air pollution (dust, smoke and gas formation) as well as to surface and groundwater pollution through the formation of AMD. The next level would be to quantify the amount of diffuse pollution contributed through coal mining.
Diffuse pollution from gold mining
The gold mining industry is generally proactive in ensuring that mining activities do not impact unreasonably on the environment (Wilson and Anhaeusser, 1998) . Gold is a very stable element and, on its own, does not cause environmental damage (Wilson and Anhaeusser, 1998) . Pulles et al. (1996) summarised the major gold mining contaminants, their typical sources and the areas that are affected by these contaminated effluents. Typically the major sources of contamination in deep gold mines originate from either underground or surface sources, or from a combination of both.
The typical underground sources of contamination from gold mining are: † Pyrite oxidation of stopes (pyrite together with its associated trace metals, may be concentrated in waste dumps where it oxidises and becomes a major water pollutant) (Pulles et al., 1996; Wilson and Anhaeusser, 1998 (Pulles et al., 1996) The typical surface water sources of contamination from gold mining are: † Surface rock dumps † Surface sand dumps † Slimes dams (Pulles et al., 1996) The main concerns with gold dumps are water and air pollution (Wilson and Anhaeusser, 1998) . Uraninite and brannerite are radioactive by-products associated with gold in the Witwatersrand ores and their presence results in the concentration of long-lived radionuclides in mine residue. These radionuclides are released into the environment via water and airborne pollution. On average, only five parts per million of every ton of ore mined are actually gold. It is therefore necessary to separate the precious metal from the more than 100 million tons of ore milled each year in South Africa (Chamber of Mines, 2005) .
In 2002, Heath et al. reported that, due to some 125 years of gold mining in the central part of Witwatersrand basin, there are more than 240 gold dumps covering an area of at least 2500 hectares within a 100 km area. As recently as August 2000 parts of the suburbs of greater Johannesburg were coated in yellow dust as strong winter winds blew more than 3700 mg/m 3 of dust a day over the suburbs (Heath et al., 2002) . Despite an intensive rehabilitation programme this value was still at 2000 mg/m 3 a day in May 2002. Although some of the dumps have been successfully vegetated or removed and the slimes relocated to another area, the impacts of diffuse pollution to the water resources is still being recorded. A total of 3,987,589 tons of ore was reported to be milled by 115 gold mines from start-up to 2002, of which the majority was in the East Rand (Figure 4 ). Another aspect of gold mining contributing to diffuse pollution is the reclaiming of defunct tailings facilities containing recoverable quantities of gold. Once the tailings material has been removed, the land has a certain potential for land development. However, there is a certain amount of contamination contained in the unsaturated and saturated zone beneath these deposits (Hattingh et al., 2003) . The soils underneath reclaimed tailings dams are in general contaminated with pollutants that typically originate from AMD seeping from tailings dams (Hattingh et al., 2003) . Some metals are also highly mobile, particularly in the surface soil units (Hattingh et al., 2003) . Groundwater in close proximity to tailings dams is affected by salt loads (Hattingh et al., 2003) . The contribution of footprints of tailings dam to diffuse pollution therefore also needs to be incorporated into the study.
Typical diffuse surface water quality impacts resulting from gold mining in the Middle Vaal catchment is indicated in Figure 5 . The mean sulfate concentrations of four rivers, over a 10-year period, that are associated with intense gold mining indicate that the sulfate levels in the river indicated by sites K1-K4 are heavy impacted by run-off from mines. The sites indicated by V1-V8 are the receiving river that flows from V1 (upstream) to V8 (downstream). Despite the large dilution in the Vaal River (V1-V8) the elevated levels of sulfates at V7 and V8 (when compared to V1 and V2) indicate an increase in salinity (specifically sulfate) in the Vaal River that can largely be attributed to diffuse pollution arising from gold mining.
Diffuse pollution from other mining commodities
It is expected that mining of other commodities in South Africa: such as platinum, manganese, copper and diamonds will also result in diffuse pollution to both surface and groundwater. A further selection process of these commodities that have the highest diffuse pollution impact will be undertaken as part of this project.
The way forward
South Africa is entering the first phase of determining the impact of diffuse pollution from the mining industries. The available data on the quantity and quality of diffuse pollution that originates from the mining industry will be compiled into a consolidated overview. Where no information is available it will be extrapolated from existing information before verifying the data at a regional/mine level using environmental management program reports, monitoring programs and catchment studies.
Once the quantity and quality of diffuse pollution involved with different mining industries have been determined at a scoping level, the effect of effluent from the different mining industries on receiving water quality will be determined and the waste types categorised according to their effect on water quality. Information will be used to provide strategic direction to research initiatives and to ensure that important research areas receive further investigation.
Conclusions
Although diffuse pollution from coal and gold mining has not yet been quantified, it is generally accepted that these commodities severely impact surface and groundwater. The other major mining industries are in the process of being quantified with regards to there potential for generation of diffuse pollution in South Africa. 
